An interdisciplinary study of metallic objects from selected archaeological sites in Poland was performed. The aim of the project was to obtain information about the chemical composition and structural changes of the objects. Furthermore, the research results provided information about the technological process which was used to manufacture the artifacts. The materials research had a non-and micro-invasive character which is very important in this type of investigation. The main experimental tools were particle-induced X-ray emission supplemented with nuclear reaction thermal neutron (white beam) radiography, scanning electron microscopy with X-ray energy dispersive analysis, and laser ablation inductively coupled plasma mass spectrometry techniques. The results show that the artifacts were made by a secondary smelting process used in local metallurgy manufactures.
Introduction
Metallic objects of ancient cultures (dating from 2nd century BC to 5th century AD) were found in many ar- The ¦»any site is the cremation rite cemetery of the Dollkeim/Kovrovo culture. The site dates from the Late Roman period to the Early Migration period (from second half of 2nd century till 6th century AD). The materials study was focused on the metal objects originating from collective grave no 31a dated to the second half of the 5th century AD (Fig. 1) [1] .
The contents of this grave consisted of belt buckles (3 objects), cicada brooches (4), bracelets (3), clay beads (3) and primitive brooch (1) . The results of the materials study presented here are focused on the cicada brooches due to their archeological characteristics. Furthermore, cicada brooches found in the ¦»any area are * corresponding author; e-mail: ewelina.mista@ncbj.gov.pl In the Baltic Sea region bulas of this type were very rarely found [2, 3] . So far, only four objects; two originating from Lituania, one from Sambian penisula, and two from Poland, have been discovered (excluding those found in ¦»any) [2] . However, the data about these Polish brooches are preserved only in the archaeological drawings and photographic documentation. The real objects were lost during the Second World War. Therefore, the archaeological material analogous to the cicadas from ¦»any is not available for physicochemical study. The other items from grave 31a represent local crafts (according to the archaeological data [4] ), therefore they were considered as reference materials in the study.
Experimental
Analysis of two types of metal artifacts, cicada brooches and belt buckles, was performed. In the case
of application of the laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) and scanning electron microscopy with X-ray energy dispersive analysis (SEM/EDX) techniques sample preparation was based on mechanical removal of corrosion layers from the surface. Particle-induced X-ray emission (PIXE) and nuclear reaction (NR) methods did not require such a cleaning process. Furthermore, due to the visual features resulting from the technological process used, characteristic points on the objects surface were selected for the analysis. In the case of the belt buckle they were: frame, prong, rivet and tting and for the cicada brooch face, spring and pin. The choice of sampling sites was made based on the hypothesis that these parts were prepared separately from dierent types of metal alloys [5, 6] .
The qualitative elemental composition of the ancient alloys was determined by the PIXE method. The PIXE spectra were collected for all sampling points. A 1 MeV proton beam from a Van de Gra accelerator was used as a source for material atoms excitation. The X-rays were registered with a Si(Li) X-ray 250 eV resolution detector (National Centre for Nuclear Research, Poland).
To determine the alloys, the quantitative elemental composition SEM/EDX (Zeiss Poland, EVO MA 10 Scanning Electron Microscope with EDAX spectrometer) and LA-ICP-MS (Perkin Elmer SCIEX, USA, ELAN 9000 spectrometer) [7] techniques were used. Furthermore, to visualize the structural and material dierences neutron radiography was applied (the source of the neutron beam was the MARIA research reactor in wierk, Poland) [8, 9] .
Results and discussion
The NR 2 Dimages were registered for all objects on dierent sides in order to assess progress of structural degradation and material modication. Figure 2 shows the examples of the obtained results.
Fig. 2. Real and NR (articial colors) images registered for the cicada brooch, front view (of the needle site).
The NR study provided the information about dierent structural compositions of the objects. The material between belt buckle ttings visible in the NR images was found to be organic. These are the remains of preserved organic, probably leather, part of the belt. The NR spectra of the brooches clearly show the thickness dierences in the metal alloy structure caused by the natural shape and corrosion layer of the artifacts.
The PIXE spectra were registered for all objects considering the supposed specic origin of the parts (sampling points) [10, 11] . Figure 3 depicts an example of Fig. 3 . PIXE spectra measured for cicada brooch no 227, for each part: face (black spectra), pin (red spectra), and spring (blue spectra).
the registered spectra. Due to the fact that the brooch
has not yet undergone the conservation process and the sampling was done without preliminary sample preparation, the low energy part of the spectra (Fig. 3) Generally, the artifact qualitative elemental composition (determined by the PIXE) is the same for all of the objects. The shape of the PIXE spectra measured for the belt buckles is similar to that of the cicada brooches.
This clearly indicates that the studied objects were produced with the same process.
The LA-ICP-MS quantitative elemental analysis con- the brass alloy [12] . Furthermore, the EDX spectrum with the maximum silver signal intensity (the blue one in 
Conclusions
The research reported here conrmed the usefulness of non and micro-invasive physicochemical techniques in archaeology. New information about the ancient metallurgical techniques used to prepare selected objects from the ¦»any site was obtained. Cicada brooches were made using the same technology as belt buckles. Furthermore, the secondary smelting process was used. Selected parts of each type of artifact were made of the same raw materials, the elemental composition of alloys is similar. This indicates that local metallurgy manufacture was used to prepare the artifacts. Hence, the cicada brooches originate from local manufacture not from the South. The research is in progress. Current archaeological excavations yielded other artifacts which together with the environmental samples are being studied.
